Cross-amplification of 30 polymorphic loci was tested in 61 individuals of four Catalpa species under the same PCR conditions used for C. bungei. All markers showed successful amplification results in more than half of the 61 individuals tested, with the exception of three loci (comp100847, comp111793, and comp114074) ( Table 5) .
To identify potential functions of the 30 polymorphic SSR-associated unigenes, the sequences were used for BLAST searches and annotation against the NCBI nonredundant protein (NR) database (http://www.ncbi.nlm.nih.gov/) using an E-value cut-off of 10 −5 . All sequences were found to have potential functions by BLASTX. These sequences showed significant homology to protein sequences from Sesamum indicum L., Rehmannia glutinosa (Gaertn.) Libosch. ex Fisch. & C. A. Mey., Genlisea aurea A. St.-Hil., and Erythranthe guttata (DC.) G. L. Nesom. The potential functions were mainly related to transcription factor, hormone metabolism, and carbon metabolism (Appendix S2).
CONCLUSIONS
In the present study, we have developed 30 novel EST-SSR polymorphic markers for C. bungei. These markers provide an efficient tool for investigating population genetic diversity in different environments and will facilitate studies on molecular breeding, genetic improvement, and conservation of C. bungei and related species. (Table 2) . Subsequently, the mononucleotide repeats were discarded because it was difficult to distinguish genuine mononucleotide repeats from polyadenylation products and some were likely generated by base mismatching or sequencing errors. Primer pairs were designed using Primer3 (Rozen and Skaletsky, 1999). The major parameters for primer pair design were set as follows: primer length of 18-22 bases (optimal 20 bases), PCR product size of 100-500 bp (optimal 200 bp), GC content of 40-70% (optimal 50%), and annealing temperatures of 52-59°C (optimal 55°C). Based on these parameters, 177 primer pairs were designed and synthesized for polymorphism detection.
LITERATURE CITED
Genomic DNAs of all accessions were extracted from the leaves using a modified version of the cetyltrimethylammonium bromide (CTAB) method (Kabelka et al., 2002) . Samples of C. bungei were collected from four populations: Luoning, Henan Province (population HN: 34°24′6″N, 111°42′42″E; n = 21); Chuxian, Anhui Province (population AH: 32°50′54″N, 117°47′49″E; n = 11); Lianyungang, Jiangsu Province (population JS: 34°40′3″N, 119°19′60″E; n = 6); Qingzhou, Shandong Province (population SD: 36°46′15″N, 118°25′56″E; n = 14). Samples of three related species were collected from three populations: C. duclouxii in Kunming, Yunnan Province (25°02′32″N, 102°38′46″E; n = 13); C. fargesii in Yishui, Shandong Province (35°48′38″N, 118°38′5″E; n = 15); and C. ovata in Yunxian, Hubei Province (32°51′33″N, 110°44′10″E; n = 12). Plants for all accessions were grown in the Catalpa germplasm repository at the Institute of Botany, Jiangsu Province and Chinese Academy of Sciences, and vouchers are deposited at the Herbarium of the Institute of Botany, Jiangsu Province and Chinese Academy of Sciences (NAS), Nanjing, China (Appendix 1). Approximately 10 g of young leaves were collected in the spring season. PCR amplification was carried out in 10-μL reaction mixtures containing 30 ng of template DNA, 1× PCR buffer (Mg 2+ free), 2.0 mM MgCl 2 , 0.2 mM dNTPs, 0.25 μM of each primer, and 1 unit Taq polymerase (TaKaRa Biotechnology Co., Dalian, China). Cycling was performed on a T100 Thermal Cycler (Bio-Rad, Marnes-la-Coquette, France). Amplification reactions were initiated with a pre-denaturing step (95°C for 5 min), followed by denaturing (95°C for 30 s), annealing (55°C for 45 s), extension (72°C for 60 s) for 32 cycles, and a final extension at 72°C for 8 min. Amplified PCR products were separated on 8% denaturing polyacrylamide gels using a vertical electrophoresis device. Detection of EST-SSR bands was performed using the silver staining method.
One hundred seventy-seven EST-SSR primer pairs were synthesized in this study. Fifty-five primer pairs were identified that yielded stable, clear, and repeatable amplicons in all accessions. The other primer pairs were unstable or gave no product. The 55 primers corresponded to 25 monomorphic loci (Appendix S1) and 30 polymorphic loci (Table 3 ). The polymorphic SSR loci were analyzed with POPGENE version 1.32 software (Yeh et al., 1999) for the number of alleles per locus (A), observed heterozygosity (H o ), expected heterozygosity (H e ), and fixation index (F IS ). The A values ranged from two to 18 with a mean of 6.78 (Table 4 ). The H o and H e values were 0.05-1.00 and 0.18-0.95 with averages of 0.53 and 0.75, respectively. The F IS values ranged from -1.00 to 1.00 with an average of 0.32. Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium using Bonferroni correction were tested for every locus. Less than half of the loci (12, six, one, and seven loci in populations HN, AH, JS, and SD, respectively) showed significant departure from HWE (P < 0.001). Significant linkage disequilibrium was not detected between any pair of loci (P < 0.001). CO = Catalpa ovata; M01 = locus comp100219; M02 = locus comp100274; M03 = locus comp100480; M04 = locus comp100607; M05 = locus comp100745; M06 = locus comp100817; M07 = locus comp100847; M08 = locus comp102534; M09 = locus comp103435; M10 = locus comp104537; M11 = locus comp107379; M12 = locus comp108461; M13 = locus comp108487; M14 = locus comp109601; M15 = locus comp109989; M16 = locus comp110079; M17 = locus comp110536; M18 = locus comp110884; M19 = locus comp111793; M20 = locus comp112144; M21 = locus comp112643; M22 = locus comp112777; M23 = locus comp112944; M24 = locus comp112997; M25 = locus comp113774; M26 = locus comp113869; M27 = locus comp113985; M28 = locus comp114074; M29 = locus comp114135; M30 = locus comp114163.
